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Nutrient Source and Tillage Impact on Corn Grain
Yield and Soil Properties
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Abstract: Large recounts ..-t .:ndtnai nattnre, paeti-en.larly ponlrrc hoer
ar.d dairy rnan.nre, are generated in scar.hteaatem Lnite.d States, where
ccitt (Zssa mats L) is alan csrcasisely grown. Chsnteted.aations ot nun:
agentent practices and long-term ntannre and as dl nnn-ient dynamics ate
critical, This stndy examined cnrn grada yield and toil antrient status
tinder three nntdent stnrrees (two rates nf each) as fnllnws: innrganie
id.rtiliaer, ponltrv htter, and daity manatee e-ontpared with a. nnntreatcd
control tinder two tilla.ge practices mo—till and incorporated). Treatments
were rry heated fonr tintes in rt split-plot design horn 2004 to 2007. Soil
sanaples were talten .an.nnsli’ in the spriat-g -before. o.scattnettt.appiicstion to
evalnatc the states of the residnai nundents in soil, Significant differences
in corn grain yield between rite n-so tillag.e practices (nnain efhrcti were
observed in au 4 ears. date ittch rate cf prntirrc liner appi icattcnt pro—
dttcen tm.tar crutr s iedl as oorgata:c tcrttlt.cer Homes er, resend tictn
.tatr’c rnonnress’rte rot as 0 ‘ttststent is pssttry doer -\fter 4 years
ponitry ittter appltcatton. \trbiich-3 t \-4—St phosphonts P increased
frornan inttiat 3t 4 to itt II np kg for the 4.5 Mg ha ‘cram rate and

nc ki. i P SIc ii tar tar SI i p ih tilt

5.2 kg ha ‘rear ± of P applied as poultr’e litter increased soil SI-c P hy
I tna. kg after 4 years of appiieanon. Resnlts tndirated that ponlir.
tiler is. a primar fcrnlteer at the rate ot 13.5- Mg. ha applied in tour

conseenrtse years on a silt nina sott -produced coot cram vtettis similar
to inorcantc fcrtitirer antler both ao-ttlI and incorporated systems and

trot resett rtt residnai soil rest Pt Lu-, tad crnc icr cit considered to
tranahal to snitaec water or cntpprng sYstems.

Key’ words: Brnder liner. ssrnirry mattore, dairy rnanorn, cona.
hllage, phosphorna.
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The USE A--NASS (200-2.) reported the prodoeiion of naoee
than 3 billion broiler chickens (Gollos go/los aiooaesticrtss) itt

2001, which generated 2.5- billion hOe grams of liher (a e:otnbi
nsdot, of m.anere pins-’ tedding materials).. Significant amounts
of the litter are eotnrnonbc :tpplicrd to pasture and hey fields rca a
sooree of plant notriett;rr. p-rsrhcrtlrsrla’ in sootheas.teot tjn)rc’
o t’-s t-Posse s ialtble rp-’
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lket ol restdual matinee nutrirnis on he suhseqocnt torn sick!
flannel ci a! (20081 reported that after ft years c t tars inc litter
intl inorganic fertihier combinations in fexas. minimal differ
ences in corn and nhc.ar s ieldr occurred These rescanahers con
cluded that their rt.snlts pros ide the scientilie basis to support the
use ol litter as a cost effeetrs e ens ironmentalla friendlx tertmliier
ilteniatis in Texas intl similar regions
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TABLE I T4,y Mon’hO Ra:n;aO P’eciiitatlon Deir the
Coucrse of

2n04 2U0 2006 200” 2008 lian

-———-----—

iru,sr :7: 73 103

\l,nch :7 . D; 15 4’ “‘

Aptil 144 47 15 9.3 137
May 721 07 92 91 137
June 97 47 68 67 30
July 139 1 0 84 51 140 05
August 115 1t:’7 152 24 190 107
September 28 170 172 48 40 hO
October 145 70 102 213 95 112
No iembrr 140 83 76 104 43 .90

December 125 00 yp

no4ill systems, such as soil compaction, poor seedling emer
sence, and reduced yield I Raper et al, 2000: Schwab et al.
70021 Thus, the as’ailahilirs ol plant nutrients tn litter and los:—es
cc.. N volanlizatton’, ,vhen applied to the sod surt7sce without
ncurporauon has been9uesttoned Grove, 1997; Applicattr’n of

poultry Otter under no-till -P’on’enr3tes P Ct the soit

sOrtact that can he dissols ed and transported in runofi e. ater
Daverede ci al. 7003: Kletnman and Sharplev, 2003 t. ‘l’he

ohectwe of this awdv s as to rvesngate corn grain ield and
selected soil chemical properties under different nutrient sources
tpoultrv litter, dairy manure and chemical fertilizer, and tillage
pract,ces.

MATERIALS AND METHODS
This study was initiated in 2004 on a Critter silt loam Soil

(Fine-sil.ty, mixed, active, mesic, Typic Paleudalf8) with 2’ 7 to
6% slope near ‘Bowling Green., Kentucky. Treatm.ents were ar
ranged in. a split-plot design, with tillage being the main plot and
the nutrient source being the split plot. Tiliage treatments con
sisted of no-till (No-till) and the irc.orporat:ion cfnotri.ent sources
into soil (Tilled), which was accomplished using a tractor
mou.nted rotary tiller, Trcatmen,ta consisted of a control that re
ceived no chemical fOrtilizer or manure, two rates of chernicil
fertilizers to provide 134 how; and 403 thigh) kg N’ ha: year
The chemical fertilizer ned was 10—19—19. to provide N, ft and
K bas.ed on the ; ‘.‘,,mc.%aO,ns by the t nlver,5:tv

nOn-h -eas -v[’p:cniented -‘u,t’; :Injnorjrun’ (mate
soN

litter ami ,atrc niatiure’ at 4,5. 1,-tv and 135 :htch
lv so ‘c 0 “ro N
DO tontent, The ion md S h appi teation rates of iah

oulrtcnt ,-‘urce ,scre sciected Saved on convenuonal chemical
fertilizer r-ates used hr cci ‘i’m producers For tilled trccttncnw,
)Vrtthzcr tsr manure ‘C pplicd ,t urface hroadc,ts; hr sand
and then rtcorporacd ‘s lict soS 0r 100 ill. tretOtfletit’i tSift’ 5Cr—
face’ applied without incorporation. Corn ;.. 23a mass L.. ‘;, A .serow
hybrid (RX718: RR,7VG,; it.h a 110-day maturity rating was
plante.d (76—cm row spacing’; in plots <305 x 6. l m) in early May
and bars ested as grain In September by picking d.c two center
rows of e.ac-’h plot for a inn-vest area of 152 x 61 in, Treatments
were applied. on. the ‘tame plots, and corn was planted each year
from 2004 to 2007,

Monthly rainfall precipitation during the course of the
study’ was recorded (Ta.ble 1). Initial, soil samples were taken
before litter or fertilizer application in spring of 2004 at 0- to 15-,
15- to 30-, and 30- to 60-cm soil dept:hn Initial soil pH, total N,
C,, and i inorganic N, and Mehlich-3 (M-3) extractable nutrients
wd’tttdtttttrm riddin. 2004 (Table 25 S6i’l’s’.äfiiid’ (‘0— “.5’ irri)) were
also taken annually in the springs of 7 005 to 2007 before ap
plication of tnanure and tirrtiltzer. Soil samples were air-drted,
ground to pass a 2-mm screen, and rested for pH using a glass
electrode wth a 1:1 so;i’nater ratio Southern Cooperattue S
nes Bulletin. 1953;. Phosphorus. K, ir a, Mg, Zn, Fe. and Cu
were. analyzed after samples sere extracted with 51-3 extractant
Mehiich. l954m For extraction, 2 dry soil was placed in a

I. 10 soil:M—3 extractant. then samples were shaken for lb mm,
and filtered through a Whatman 42 filter paper for the determi
nation of P and selected nutrients with inductively coupled
plasma spectrophotometry Vista Pro Varian Analytical Instru
ments, Walnnt Creek. (A). A microssave procedure was used to
digest poultry litter and dati’s manure samples for determination
of total nutrient content and the concentration of manure applied
each year (Table 3) In thts method. 0,5 g of manure was mixed
w;th 9 mL HNO1and 3 mL HGI in a Teflon microwave digestion
vessel, allowed, to predigest under a vent hood ‘for 45 mm, and
then placed i.n a MARS 5 Microwave (CEM Corp.., Matthews,
‘NC), The temperature of the mix tore was increased to 1755C in
6.5 mm and held at that temperature fM a’’n additional 1 2 mm to
complete the digestion process. Samples were then filtered
through. a Wi. atman 42 filter, followed by determ.i.nation of Ca,
191g. K., N’s, Mn, Al, 5, and Zn concentrations using inductively
c.oupled plasma. The total N and C concentra..tions of the manure
were measured using a Mario Max CN analyzer (Elementar
Ame.ri.cas, ‘Inc., Mt. L;surei, NJ’S,

Analysis: of v-a.riance w.as. used to :.,nal.yze the data”’’ using t,hc
(Si l...M oroctedure of SAS S.so: Insti :, use, 1” 9991. I’nitiai a.nalvfts of

TABLE 2. ‘,t1.O,( Sri (‘c’rn7(,i Pmonertiet-. SorNo (‘004’

Soil Dt’pth It [N N11 -N NO’- IP Ca Mg K a Fe Mn Cu In .0)

cm pH ---gk mg’kg-

0 15. 6.51 131, .34 lOt)
: 514 av’m iso ia 25; 5:1t ‘.37 7fl 041;

:530 n3.’) 51” O.’2 35 H. .t7 025 5$ .5 ‘s’’4 :04 Os5: j04 :23
.0:-oh 0 23: 1. to 043 1(3,4 01. : 5 .596

, 18<’; Jo 2.8.4 4’N3 0.41) 0..22 , ‘:

.13

‘Microwave proecderr o’as. awit 0.s ,..liteest poisitay liner 1,110 One’.’ ‘oar ore samplei’ for detem,it,ati,,sn of t,tal ‘lut’ricr,’t content,
1’5’7: total ca.rbon: if: lilt ht’sc’horus,

2 wssw,soisci.com .0’ 2010 Lippi’nt’ocr Williams A Wilkins
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TABLE 3. Motuie and Chencai Prooert3ss of the (0oier 741Cr and 3ar,’ Manure Appied to the Es enn”enta) ttots
2004 to 2’307

1anure ryp ‘.luisrnre Th[PTCNll4—’%UCaFeK’1gMnaSZ1nCu

and flale % pH. g kg

Litter, Ma 2004 42 6$3’• 2514 25 6 2004) 9.3 3..43 47113 2.8! 3(076 (504 (573 16.97 1179 (076 (087
Dair, May 2004 78 8.5 63) 125) 1.053) 84)7 126 41.52 3.82 243)3 12.57’ (557 108 ‘04.5 0.43 0.09
Liner, May 2005 32 7.! 27.7’ 1.8,0 2.1..5.5 7.2.0 3,1.11 43.8.3 2 82 41.03 1.27 (062 15.01 1 2.21 0.63 0.84
Dairy, May 2005 79 1103 64) 1.0 95.1 5.22 7.10 59.2.3 5.47 14.23 13.66 0,e.4 5)9 041 0.09
Litter, May 956( ‘ 29.5

:7..., 459 445 1’ 9 456 594 39,03 9.97 0.63 13.21 2.70 0.67 0.68
Dairy, May 20416 78 6.9 141 4 888 57.13 ‘ 36 41052 4.12 30.47 )45, 0.43 4,91 6.36 0.33 0.06

20cr’. las 19,)7 31 e.1 29,8 15.1) 15.5 4 1.4 .34.73 1.45 44.68 ,

‘77 ‘3”7 el7 10.01 ‘1 54)

Jirv.41av 91414 7’S .7 ‘.1 , HI) ‘16). 4)).” 1. 4 85 1.’’ 1)51 54 14.5 1’ 11,1,11

S 14c I0ai41I 1 7lr:s’n 14. ree.est 5 7, 959 voWs r’.,). s’sc’er.t rr 1’\. SC, SSH,
“ 4. .fl

I I’ neal nnu. .1’S 1,1,’

1inance Wowed slentucant Otiferences among years and hea
twee•n yeat’ and treatment interaction; therefOre, 4ara were arias
lyzed and reported by year.

RESULTS AND DISCUSSION

Corn Grain Yield
Grain yield was affected by tillage practice from 2004 to

1007 (Table 4). In all 4 years, data showed that tilled treatments,
regardless of the nutrient source and application rates, produced
:v telds greater than nornll treatments. This mar indicate a smaller
loss of nutrients, particularly. N through volatilization or surthee
n,inofE The %maller grain yield in 2005 and 21)07 compared ssiih
1004 and 2006 may ha e resulted from less rainfall precipitation
during the growing season May to September,. Chemical fer
tsliier, poultry Inter, and dairy’ manure as nutrient sources im
pacted corn grain ieldsjnsil 4 years compared with the
nonneated control F’sns. I and 1i195 significant dttYerence Sn
corn grain ield was detected between the low 1, 134 kg N ha 3
and high (403 kg N ha”’4) rates’ for chemical fertilizer from
1004 to 2007. This 0.dicates that the 134 kg N ha rate, which
was smaller than the no’rrnal N” rate used by corn growers in the
region, can produce optimum corn grain yield.s under similar
climate conditions, Corn grain yield was significantly greater
fIr the high rate (13.5 Mg ha “5) than the low rate (4,5 M’g ha””)
of poultry litter application irs 2004, 2005, and 1.007, floweyer,
in 2006, corn grain ticid was similar for the 17.4w and high. rates
rr sltrylits stun Dairy ftan 10 4 5

TABLE 4. ‘se \4y. 1s’Ct rit’ 7)ta4e On (‘or” 1757’fl 1473

2004 20415 2006 2007

‘Filtage Mg ha

“filled 9,1St’ W (n’73 a 6.65 a 5 34 a
No-till 8.54 b 6.0’) b 58l h 43)2 1.,
081) (0.05) 0.50 (528 058. 0.31

Data poin”a’ are aver,sszed across rsu.thent sources sund. rates, HG, 1, Corn grain yi.eld response to poultry litter, dairy.’ manure,
ann chemical fertilizer as sources of nutrients for 2004 and
2005. Within each year, Oars having the same letters are riot
‘co1nc:ant1y dif14reot acc.c’cd1nct to (SD 0.09 levet,.

to

‘I

,,,5u’ ,,-4, ,.4’ ,,r,s ,>,54 .W ,v.4
m as’ • ar’s4. 55 0.40

- ,

.458”

l’reatmsrntrs

nm! ,aw’w solsci.corn 3
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FIG. 2. Corn grain yield response to poultry litter, dairy manure,
and chemical fertilizer as sources of nutrients for 2006 and
2007. Within e•ach year, bars having the same letters are not
significantly different according to LSD 0,05 level,

2004. There are some limitations with makin.g direct compao
lon among d.ifferent nutrient sources because of the disparity
in nutrients applied each year by’ chemical fertilizer, poultry
litter, and dairy matsu.rc, Direct etamparison of the three nutrient
sources was not the ohie.e.tive of this study, these nutrient
sources are being used icy local nroducers differently, and we
attempted to follow ttseir ertscticess. For example, a pc.sultry

a daira Pro Freer uses different tssarsa emeist. with rertard

.source coorct t.ce cencdeort cc art
odenendent nianacercrcnr prrtr;r.nee scOrch can also

P per . re r “ wet’ v

breed ors the- ‘tai norro’yrr etch ,,uurce prourderi In alt 4 curs
fl 4 “ at I s. ,.

ippircauon arcs srmrlar or greater ‘ban chemtcal fertilizer ‘real
n’sctat The ior rate olps’ultr\ iit’cr produced a smaller yield ‘han
I,, -‘ a r

.
d so, a

en application ra.te of 4 5 Mg ha may not r rovide enough
nutrients to obtain comparable corn gra.irt. yield. Except in 2006.
dairy ma.ssure roducer1 .tnaller corn grain yield tisan onttr
I ray’- and herr steel I menre 1-lorre’ r is ) C

loch ,ics,rv manure rate prodtued Pm-slur c errs errOrs teeD a’,

liner and cisenacat rbrnirzer treauncnu Fie. 2)
-\ss,tinrnr,t half of he twal N mrs each poultry liter eppirca’

tiers became ava:iahle tier r lent uptake ,n the brat ‘. ear Rarnake.
an estinrated ,iserrn’e of 255 kg N Ira had become

.rrariahle from the 13.5 Mg ha litter rate. Ti,, estimated
a ‘ , “.,a a

‘iran she 403 kg so .sirpl,c’d hr the Isigh rate f Jmcmicai
merrrlizcr. Hoaerer. p all -4 rears, the troth rate’ of poultry litter
producud r.he scene corn grain yield as the high rate of c.isetnical
fertilizer The sortie. trend si as u’h.served Dr the low rates of the
two nutrient sources , The better N effic.iency of poultry litter
compared. with chemical fertilizer may be caused by the other
side benefits of poultry litter, such as C, and nile rotsuttients, such

Cu, Fe, and Zn, provsded by litter The smaller corn grain
yield tier dairy manure may- he attributed to the smaller queen’
thy of N provided (average of 212 kg N ha com.pared with
285 kg N ha° for poultry litter,

Soil Nutrient Status and Organic Carbon Content
Table ‘r rhox 5 he s,atratieel igniheanco of main and tnt r

action dff’dcts di nutrient sources. tillage, and s.ampiing dates
tartar) on soil properties. Soil pH showed no substantial overall
sncrease he the end of the study in 2008 compared with the urinal
‘,otl p1-I of 6.3 in 2003 (fables (s—try 1-loevever. a relatively hiizher
soil pH for 4il treatments a as detected mn 2005 compared a tb
or her rears tTable it, whereas a significant decrease was obser ed
in soil pH tier fertilizer treatments in 2008. Soil pH rsa.s not in—
creased by mcreasing poultt’v litter rate from 4.5 to l 3.5 Me ha -

In contrast, in all 4 years, significant increases were observed in
soil p1-I by tncreasing dair manure rates from 4.5 to 13.5- Mg ha
Soil p1-I of the plots receiing chetmcal fertilizer decreased
throughout the course of study by increasing the N application
rate from 134 kg N ha -‘ to 403 kg N ha -‘ iTables 6- 9).

Soil total C’ nereased during the course of study (Or high
rates of poultry litter and dairy manure. However, the increase in
soil C was greater for dairy manure than poultry litter compared
with the nontreated cotirrol (Tables &---9), This could be attributed
to lower C losses from dairy manure because of th.e greater writer
content that facilitates percolation of maz.ure into soil compared
with dry poultry litter, All nutrient, sources had a significant
impact on soil properties, except NHa - N content, indicating
that a high level of ni.trification may have converted NH4--N to
N20 or NO--—N. Soil TN content did not increase considerably
dssring the 4-year study, p.artic.r.rlat.iy for the chemical fertilizer
treatment compared with the initial soil TN content of 1,3.4 n-sg
kg°. However, the h.igh rates of poultry litter and dai.ry mnnnre
tended ts increase soil TN compared with chem.ical ivnil beer or
control trea.trnen.t, Sutsil M—3 P of plots receiving poultry litter tsod
dtsirv os-anon-. increased. frons bOot. t:0 .2008 usfter a small dcc-rer.r.se

,4, Q’ ‘
,

I

4, “C C

C _, ‘ r “ t

4’ ‘0 t’_ ‘

‘ ‘‘

rerpc’ctwetv).
,= concena autO- err-u mel rnamosrc .snp.imcanon ra the

ncreases so I’ sri sod mat ,.an ma ‘tent wily be rbecascd in tunoff
water and mpatr surface renter gnaiitr s Harmel at . 200St in
Trans states. rnc.luditrg Kentucky. alten soil M—3 P is etrearer
rn i’ ,, ,,s in ir .-al a 11

tactors associated us ith rIse ark of P in surface runoff’ water.
Therefore, USDA-NRC’S i2001) tsas recom.mended. that only- an
antount of P that is: rerrs,.c’.cd in. the hrsrr-estcd portion. of the c.rs.rp
so be appl.ie.d to niininti.r.e fssn:iscr P ;-sccs.smulaticsn in soil. it5 thia

Treatments

4 www.soigci.comAË
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TABLE 5. StatistIcal Signifi.cance at 005 Level Showing Main and Interaction Effects ot Treatment, TIlhgt. and SampLn.g
Date on Soil Pro nerties at the 0 to 1 5•cm Soil Depth

Setteee of Variatioti

Salt Pr•gc Sail Stp4g (D) Freate. eat (T) Tillisge (Till) D x T 1) x. fill 1 Till

N ‘‘ NS 145 145
• 143 143

(
.

\H ‘ 145 145 ‘aS 145 ‘aS
N’ ,,• 143
Ii) 145 143 ‘aS
, .•

*
“ ‘aS

Al 145 N’S
Ca ‘ * NS
Mg * * hIS 545
K * * * S 5 145
Na 5 545 NS NS 145
Cu “ 545 * 145 hIS
114 AS 145 ‘aS
Mn 143 145 143 hIS
Zn 145 145 hIS

AS. N ‘: not sgnflcint, P ‘ (.05 ma P K J] rrspccnvciv

study, the M3 soil P in the top soil layer (0—15 cm layer ho inorganic P increased Miz soil test P by 1 mg kg’, depending
creased from 31.4 mg kg” (Table 2) at the beginning of the on the initial M3 values ranging from 15 to 62mg kg”’ Thom
study to levels that ranged from 63 (low rate) to 178 thigh rate) and Dollarhide. 2002). The lower the M3 value of soil in the
mg kg” for poultry litter and from about 43 (low rate) to laboratory incubation, the greater amount of P was required to
‘S (high rate) mg kg”’ for dairy manure respectisels in the raise M 3 by I mg kg ‘ Thus it is important to acknowledge that
spring of 2008 after 4 years (Table ‘t the practice of manure application concentrate nutrients near the

Based on calculation from Table 3 and the application rate, coil surface may increase the risk of P being released in runoff
the total P applied from poultry litter during the 4 rears was water (Kleinman and Sharplev. 2003). Hence, more attention
shout 857 kg ha - for the high rare 1)3.5 Mg ha 1. With the needs to be given to the practice of animal manure application.
oral 4 tear grain tidd t 1 120 kg ha (Figs I 21 md as particularh on no till sctems and the potential nsk for P runoff
umnig a P ,n.cntr’i’un n hr grain as kg Hrrkman \trhlich —c’ raurd I K ( u a Fe Zn md ‘\]

Ct si,, 20031, the total P removal for the 4 veers was about concentrations were ereater ntth poultry litter and dairy manure
100 kg ha” . The difference between applied arid removed P application particularly in 2007 and 2008 compared with initial.
was 756 kg ha fOr 13,5 Mg ha “litter rates, Considering the soil concentrations of these elements. Howeverl no consistent
quazitity of P added to oil from the litter and the change in trend was obser’ed with any of these: nutrients during tie 4year
Mebliclrt3 soil test 5, it took. 5,2 kg haT’ of P added to soil g, study. We speculate that soil cot centrarons of these nutrients
increase .54(113 soil test 5’ by I mug kg”' . These values are similar to mar have been influenced b.y the soil moisture content, which
tcsultshemaiaboratory incubation studywhere29to 78 kghho’ ray have 3150 influenced soil pH and the solubility of these

TABLE 6. Soil pH. Total C N. sad Selected 144eherh.3 SoS Test Nutrilnt Concentratons for Soil Collected n Spnng 2005

C P (‘a Mg h Fe Cu Zn 51

treatment5 oil ——ekg aig kg

Cortr,l 1111 be 1 5 1
. 11 : S 3.’ :: 5R4sj 7 .14’ 375 1.4060 1 .56s5 060a

F ,-t,liaer, low Cl 60 1 1,7 5 1.3 b 16.1; c l532 159c 21’ llw 829 330 1.560 ‘lISa
Fertilizer, high. 6.4 0 1 1,75 P3 b 2274 Sc t427e 145d 2Cc 93a 1.410 1.520 694a
Poultry litter, low 6.9 b 11.8 5 1.4 b 29.ti b 162660 tT4b 3055 SOnS 1.93d 2 Sc. 97 Ia.
Poultry litter, high 6.9 b 13.1) 5 1.5 a 56.7 a t677ab 1760 3575 94a 2,Sla 3149a 932:b
Dairy manure, low 6.8 be 11.7 5 l.4b 21.2 c l598c 163c lOIS 89ab i,49cd 1.870 982a
Dairy manure, high 7,0 a 136 a CS a 304 5 17113 1 lISa .343a 94a i fTc 2,725 933b
1.51) (3 “18 60 ‘1.1 8 40 60 01) 10.00 Stem 5.20 0 21 0.42 31.00

so satrant ai,rd: c’ mu st’femi,zersupp(cd 13460 14 ha’ 1 24 5 ire P ha I and 40 5 60K ha ‘1 a hh rate sf fbmtiaer supplied
a P a S s, “a sp ,‘i or 1 N,, m t r r M ‘a ,m “ no $ 51 a,,

Set 11r,’ manure 1 5 5i’ ha”

tI 2010 L9apincotr Williams & Wilkins www.soilsci,com 5
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TABL.l.. 7. Soil pH, Total C, N, and Selected M.ehllch3 Soil Test Nutrient Concentrations Icr Soil Collected in Spring 2006

C P 61a Mg K Fe Cu Zn

Ereatment’ pH gkg

. ‘‘Mr’’l ‘.5t 5.: ‘‘(3 ., 00(3 “5,,. 312 a5-”N,
c, .50c .2c2 ‘i. I 22’r i’S’N 42’, .‘“c,.: .42(3

,e. , 24. 41 ‘a-c D”c .
. 0

FiItrv litter, low 6,3ab I Iibc .5(3 35063 174463 ISib .Sbib 4363 24b 2. lObe 647b.cd
l’ouitry litter, 2.0th 6,27abi2Jab I .3a 78,8a I 77063 202a 472a 90a 3,68a 4,25a 935(3
Dai.ryman.ure, low 6Db I 1663 I .2bc 236cd 175 Ibc 1731w 32 led. 4(363 I ,9Ocd ,6Ied 945cd
Dairy manure. FirSt 6,5a i2,Sa IDa 37,4b 1857a 207a 3463 84h 2.,12b 2.65b 937(3
1,. SD (0.05) 0.20 0.9 0. 1 1.60 66.00 12.00 .56.00 6.00 0.32 55.61 21.0)

ow rn-ic of rsrtiwci w’pnwd , 5 63 . a-i 4n-.5 r K 5 S rate or tsr I:s.cr ,orpIie’i
p,.,, \ , ,., S ‘ -. \i,,. ,,‘ “ “ , ,,, 0,

a-5a- .5 ‘sI, ha

TABLE 8. Soil pH, Total C, N’, and Selected Mehlich3 Soil Test Nutrient Concentrabons for Soil Collected in Sprtng 2007

C P ca 1g K Fe Cu Zn

Tretrnen( pH gkg

I ontrol (.Sc* 2.3-2 5 ‘to 25.3 “54ed I 82d 553d 1082 2.002 1 54e I I Sob
Fertilizer, low 6.12 l2,8d 1.4c 32,led 1661e 178(3 321c Il3cd l.93d i.7(3e ll4Sah
Fertilizer, high 5,6e 13,2(3 I ‘to 336ed 14396 153e 433e I I7bc 1,89(3 (the 1 l58a
Poultry litter, low 6,4b 13,4cd lOb 60.63 1823cd 212c 453c il3cd 3,50b 3,863 l096c
Poultry litter, high 6Db 15,3ab I 63 l75,3a 1959b 255b 574a l35a 644a 9.263 1076cd
Dairy manure, lo 6,5b l4.4bc I oh 38.6d 1886bc 206c 436e lISbed 2,22cd 2D6d 1082c
D:ua- manure. lugh FDa I pIn S Sn b5.2h 2225a 2763 51 lb IlIb 1,53o S 41, 1(350(3

SD ii 01 151) 13 35 8 041 043 2”

‘n’ ‘ en — ‘‘‘no ‘‘ s’’”’\ , ‘ ‘S3,’ an, k
‘ a- ‘ ‘‘‘o”1’ 1

‘
“ “0 ‘‘ K ‘a- 5, ‘ a. 4 a- F “i ‘F a ‘ ‘se ‘0 ‘in “ —, re 4

TABLE 9. Soil pH Total C. N, tOri Selected Mehllch-3- lOll Te’it Nutrient Concentraton’i tor Soil Collected 2’ lorn9’ 2008

(5 P Ca Mg K Fe Cu in

Treatment’ pH -gkg’-

P’unlrnl 6.263 1 1 Dc 31.,6e 2.4,57,3 1.651w 3355(3 47d. 7-44,3 1.23rd 904c
Fertilizer, Iow She 5 I he I Db 34.6c ‘8 60d ISId 375ed 5’2c 286,, I .63rd 9340
Fstiilizer,. high 5.16 I2.9d S .50 36Mc I 5463 23e 367sd bOb 2.75c 5.554d (‘663
Poultry litter, low 6,3c 2,00 5. .50 63,00 2085be . 1Oh 39Cr 92c 4,I3b 21170 906r
R*ultr,’ hOer. $i.h 6.Sr 492 .3:, 5. “570 221.100 22 ‘:1 Sn 0 0 o. 5575

hair, ‘naTure 1’u’, 6 tb 42.’Ir 0a-: 2a- ‘tIc 3-.IrOe ‘lc Sm,:
Dun,’ manure. ugh “.7a 10 63 - “Sb 2T7Ia 1263 . ‘-‘tS, 4 5Th

‘nfl ‘;i’i ‘rna-) 63 ‘‘5’ 124 5 55 UI!. H)” 25

‘Control: no nutrient applied: a 5:0w rete of krnia-er supplied 12.4 63 N h63 , .14 kg P ha ‘

and 465 kg K ha a 2.1gb mle 01 srtiiizer aupplied
4 a N na g P ha a so 2) 5kg K ‘in ow poultra or 4 5 Mg ‘in gh ry darn i’s r Mg ha ire dir r, “a-moe 4 5 Mg ha 1

hth dairy manure: 13.5 Mg ha
“Mea.ne’ within sach column t’r,Ihowed by Ihe same ieners are. nor significantly different ac.cording to 051) 0.05 Scud,

6 . ,vn’waoIsc corn ci i,r’rdn-,u Ft ,Iium, 8’- 11



elements, fhcre ts come concern that cmndnuous anImal manure
application will elevate c •n.cerr on.s of elem.enis such as Cu
and Zn in soil to levels harmful to 1. hints or animals Cra..ging on
t.he plan.ts (Wa.rnvai. and Cooper, 2000; Maw) et al , 2.003).
Although the MTextrac.ted roil Cu, Zn, and Al incre.ased only
sltg.htly com....ared with initial roil concentrations of these elm
ments after 4 ‘sears, longer term application, of manure may’
cause the levels o! these nutr cots t.’ mr r.aehc ritical pbs to”jxic

CONCLUSIONS
\usr:ent source .itsd tttiace practIce impacted ,orn train

‘cicid, No’tili corn cram yield was lower titan tilled corn. Corn
yields did not diffEr with the rate of chemical fertilizer applied
Cr corn production (lew rate of i34 kg N ha ‘ vs. high rate of
403 kg N ha ‘) Corn groin yields were similar with 115 Mg ha
of poultry litter as a primary fertilizer arid chemical fertilizer
I producer practice) under both nooi II and tilled syctcnis in fOur
consecutive. years. i3oth rates of dairy manure produced signif
cantlv less oram a eld than poultry liter and chemical ferilizer
treatments etu”ept for the blab rare be dairy manure tn dtnirt
Signiricant trends were found Cr the soil properties of this silt
loam after 4 ears of poulrrs litter and dairy manure appitcations.
For example. \13 soil P increased wtth both poultrn litter and
dairs manure compared with chemical ferriitzer and control. The
increase war much smaller Cr dairy manure. F alculation
revealed that 5.2 kg ha’° ofP applied in poultry litter tncreased
M3 soil P by I mg kg after 4 years of application. Flowevep
this study demonstrated that soil test P Cu, and Zn levels were
below values considered to be harmful to surface water quality
or the crop. Soil total C increased during the course of study for
high rates of poultry litter and dairy manure compared with the
nontreated control soil, with a higher soil C increase under dairy
manure. sehich can have postns e implications to otl and envO
ronmcntal qualirs. Results indicate that pouhrv litter or dairs
manure could he an ctTectirealternatile source of plant nutrient
to produce o tmum corn cram wtth proper manatrement mit this
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